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1. Introduction 
Reinforced concrete can encompass many types of structures and 
components. At use stage, cracks occur in concrete, and corrosion 
results in the formation of rust of which volume has two to four times 
of the original volume. The bond stress degrades dramatically, as rebar 
embedded in concrete are corroded. Rust reduces strength capacity as a 
result of both the reduced cross-sectional area and corrosion cracks in 
the surface rebar, however it is also reported that the residual strength 
may increase due to the corrosion of rebars. The reason can be 
attributed to the shifting of load resisting mechanism. It is very 
important to illustrate the load resisting mechanism of corroded beam 
as it is a precondition to estimate the residual load capacity of 
reinforced concrete. For these reasons, recent researchers on the 
prediction models have taken a high toll, and many results have been 
obtained. But, the systematization of the prediction model has not been 
established. 
Based on this background, the objective of this dissertation is to 
propose a systematical model to predict the residual strength of 
corroded RC beams.  
 
2. The various failure mode of the corroded beams 
2.1 The experiments 
The dimensions and the test result of the specimens are shown in 
Table 1; the meanings of the name in Fig. 1. The beams are all 
rectangular RC beams with the concrete covers of 40mm. The 
span-to-depth ratios are within the range from 2.40 to 4.53, and the 
corrosion ratios are at an extensive range, from 4% to 30%. The 
cylinder compressive strength of concrete at the loading stage is also 
shown in Table 1. Additionally, the two outer main rebars are labeled 
as R and L respectively, and the intermediate rebar, if any, is labeled as 
M. 
 
2.2 Qualitative condition of the failure mode shift 
First, the beams in the group N-(4.53) and the group N-(3.3)  
 N-(2.42)-S150-P4-A(0%)-ub 
Stirrup sacing in the support span, if with S. 
Corrosion ratio. 
Corroson type, A ~ D. 
Anchorage type. 
Span to depth ratio. 
Type of main rebar: N, normal deformed rebar; H, High tensile rebar. 
Unbonded beam, if with ub. 
(n, the number of stirrups in the anchorage region. ) 
T0, only reinforced with straight main rebar. 
Tn, reinforced with stirrups, n>1. 
Pn, main rebars are anchored at beam ends with steel plate. 
H, reinforced with 90 degree hooks. 
Anchorage type. 
 
Fig. 1 Meanings of the name of specimens. 
are designed as flexural failure mode. The corrosion ratios of the beams 
are range from 0.4% to 26%. It is evident that the corroded beam, 
whose stirrup spacing equal to half the effective depth, suffers flexural 
failure, no matter how much the corrosion ratio is. However, in the 
series N-(4.53)-S240 whose stirrup spacing equal to one and a half the 
effective depth, the failure modes vary with the corrosion ratio of the 
beams. The beam suffers flexural failure, when the corrosion ratio is of 
10.6%; the beam suffers diagonal tension failure, when the corrosion 
ratio is of 19.7%; the beam suffers bond failure, when the corrosion 
ratio is of 23.9%. In the series N-(4.53)-T0 in which no stirrups are 
arranged, the beams suffer bond failure. But the beam 
N-(4.53)-T0-A(26.4%) suffers flexural failure, whose maximum 
deviation ratio is relatively higher. In the beams whose anchorages are 
reinforced with stirrups (series N-(4.53)-T2), bond failure occurs. In 
the beams whose anchorage performance is improved by anchoring 
main rebars at the beam ends (series N-(4.53)-P2 and series N-(3.3)-P), 
flexural failure occurs. In the beams whose anchorages are reinforced 
with 90 degree hooks (series N-(4.53)-H0), anchorage failure 
occurs .Hence, the change of failure mode, in the beams designed as 
flexural failure, can be summarized in the Fig. 2. 
 
Flex.
Diag. ten.
Bond
Anchorage
Maximum deviation ratio is 
higher 
Stirrup spacing is relatively lesser,  
and the corrosion ratio is lesser 
Anchorage performance is better 
Stirrup spacing is relatively larger,  
and the corrosion ratio is relatively 
larger 
Stirrup spacing is larger,  
and the corrosion ratio is larger 
Anchorage is reinforced with hooks  
Flexural failure 
 
Fig. 2 The failure mode shift of the corroded beam 
designed as flexural failure. 
 
Second, the beams in the group H, and in the group N-(2.42) are 
designed as diagonal tension failure mode. The main rebars in the 
group N-(2.42) yield, when their corrosion ratio are relatively higher. 
However, the high tensile strength rebar are arranged in the group H to 
avoiding the yielding of main rebar. Although the beams are designed 
as diagonal tension failure, the bond failure, the anchorage failure and 
the shear compressive failure occur due to the corrosion of rebars. 
Moreover, flexural failure mode occurs when the bond stress in shear 
span is removed. All of the beams in the series N-(2.42)-T4 suffer bond 
failure. The beam N-(2.42)-S150-T4-A(4%), whose corrosion ratio is 
4%, suffers shear compression failure. the rest beams with stirrups in 
shear span suffer bond failure due to the higher corrosion ratio that is  
Table 1 Parameters 
 
vb vc fc vexp
Lt Ls Lc b h Diam. Pw (%) Lt Lc max. (N/mm2) kN
N-(4.53)-T0-(0%) 2100 1800 350 240 200 D16 1.55 80.5 80.8 Flex. 0 30.8 95 Flex.
N-(4.53)-T0-A(10.2%) 2100 1800 350 240 200 D16 1.55 80.5 80.8 Flex. 10.2 0.07 31.6 53 Bond
N-(4.53)-T0-A(18.6%) 2100 1800 350 240 200 D16 1.55 80.5 80.8 Flex. 18.6 0.23 35.5 34 Bond
N-(4.53)-T0-A(26.4%) 2100 1800 350 240 200 D16 1.55 80.5 80.8 Flex. 26.4 25.8 50.7 0.93 26.2 46 Flex.
N-(4.53)-T2-(0%) 2100 1800 350 240 200 D16 1.55 80.5 80.8 Flex. 0.0 30.3 91 Flex.
N-(4.53)-T2-A(10.1%) 2100 1800 350 240 200 D16 1.55 80.5 80.8 Flex. 10.1 0.13 30.4 70 Bond
N-(4.53)-T2-A(16.4%) 2100 1800 350 240 200 D16 1.55 80.5 80.8 Flex. 16.4 0.22 28.0 59 Bond
N-(4.53)-S80-T2-(0%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 27.7 91 Flex.
N-(4.53)-S80-T2-A(3.7%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 3.7 5.8 7.2 1.10 29.6 77 Flex.
N-(4.53)-S80-T2-A(14.8%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 14.8 21.3 34.7 1.34 26.5 58 Flex.
N-(4.53)-S80-T2-A(18.3%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 18.3 16.9 23.2 1.23 27.2 57 Flex.
N-(4.53)-S80-T2-C(4.6%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 4.6 14.8 25.8 4.55 26.2 74 Flex.
N-(4.53)-S80-T2-C(2%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 2.0 10.6 29.8 14.29 25.8 68 Flex.
N-(4.53)-S80-T2-C(0.4%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 0.4 5.0 15.4 14.99 26.1 73 Flex.
N-(4.53)-S80-T2-C(3.7%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 3.7 13.7 45.0 11.30 29.6 59 Flex.
N-(4.53)-S80-T2-B(2.1%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 2.1 4.2 6.5 2.05 27.2 86 Flex.
N-(4.53)-S80-T2-B(2.9%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 2.9 8.8 26.7 8.15 24.9 57 Flex.
N-(4.53)-S80-T2-B(2.5%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 2.5 8.7 26.9 9.59 30.7 43 Flex.
N-(4.53)-S80-T2-B(0.4%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 0.4 3.9 13.0 35.02 28.0 73 Flex.
N-(4.53)-S80-T2-B(4.4%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 4.4 7.0 17.0 2.82 28.0 78 Flex.
N-(4.53)-S80-T2-B(1.9%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 1.9 7.7 16.9 7.82 22.6 70 Flex.
N-(4.53)-S80-T2-B(1.6%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 1.6 5.9 15.6 8.62 28.9 73 Flex.
N-(4.53)-S80-T2-B(2.3%) 2100 1800 350 240 200 D16 1.55 80.5 161.4 Flex. 2.3 4.3 7.6 1.80 22.7 84 Flex.
N-(4.53)-S160 N-(4.53)-S160-T2-A(10.8%) 2100 1800 350 240 200 D16 1.55 80.5 121.1 Flex. 10.8 13.1 16.5 0.53 33.5 78 Flex.
N-(4.53)-S240-T2-(0%) 2100 1800 350 240 200 D16 1.55 80.5 107.7 Flex. 32.4 92 Flex.
N-(4.53)-S240-T2-A(10.6%) 2100 1800 350 240 200 D16 1.55 80.5 107.7 Flex. 10.6 12.1 14.4 0.36 34.9 76 Flex.
N-(4.53)-S240-T2-A(23.9%) 2100 1800 350 240 200 D16 1.55 107.7 Flex. 23.9 0.67 34.5 43 Bond
N-(4.53)-S240-T2-A(19.7%) 2100 1800 350 240 200 D16 1.55 80.5 107.7 Flex. 19.7 0.74 30.8 57 Diag. ten.
N-(4.53)-P2 N-(4.53)-P2-A(21.3%) 2100 1800 350 240 200 D16 1.55 80.8 Flex. 21.3 0.25 34.2 69 Flex.
N-(3.3)-T0-A(10.8%) 2100 1800 350 210 260 D16 0.86 76.8 90.8 Flex. 10.8 0.32 30.9 81 Bond 
N-(3.3)-T0-A(19%) 2100 1800 350 210 260 D16 0.86 76.8 90.8 Flex. 19 0.90 30.8 75 Bond
N-(3.3)-T0-A(20.9%) 2100 1800 350 210 260 D16 0.86 76.8 90.8 Flex. 20.9 0.45 33.9 44 Bond
N-(3.3)-T2-A(7.4%) 2100 1800 350 210 260 D16 0.86 76.8 90.8 Flex. 7.4 0.29 27.8 86 Bond
N-(3.3)-T2-A(18.2%) 2100 1800 350 210 260 D16 0.86 76.8 90.8 Flex. 18.2 0.39 30.3 72 Bond
N-(3.3)-T3-A(12.3%) 2100 1800 350 210 260 D16 0.86 76.8 90.8 Flex. 12.3 0.39 33.1 75 Bond
N-(3.3)-T4-A(16%) 2100 1800 350 210 260 D16 0.86 76.8 90.8 Flex. 16.0 0.44 37.8 64 Bond
N-(3.3)-S110-T2-(0%) 2100 1800 350 210 260 D16 0.86 76.8 172.2 Flex. - 100 Flex.
N-(3.3)-S110-T2-A(9.7%) 2100 1800 350 210 260 D16 0.86 76.8 172.2 Flex. 9.7 12.4 16.1 0.66 31.2 84 Flex.
N-(3.3)-S110-T2-A(20%) 2100 1800 350 210 260 D16 0.86 76.8 172.2 Flex. 20.0 24.6 38.2 0.90 31.3 63 Flex.
N-(3.3)-P-A(13.1%) 2100 1800 350 210 260 D16 0.86 76.8 90.8 Flex. 13.1 0.23 31.5 76 Flex.
N-(3.3)-P-A(20.9%) 2100 1800 350 210 260 D16 0.86 76.8 90.8 Flex. 20.9 0.43 28.8 69 Flex.
N-(2.42)-T4-(0%) 2400 1800 350 240 340 D22 1.61 332.0 184.0 Diag. ten. 0 27.0 174 Diag. ten.
N-(2.42)-T4-A(12%) 2400 1800 350 240 340 D22 1.61 332.0 184.0 Diag. ten. 12.0 0.90 29.6 237 Bond
N-(2.42)-T4-A(6%) 2400 1800 350 240 340 D22 1.61 332.0 184.0 Diag. ten. 6.0 0.50 27.3 210 Bond
N-(2.42)-T4-A(15%) 2400 1800 350 240 340 D22 1.61 332.0 184.0 Diag. ten. 15.0 0.63 31.3 214 Bond
N-(2.42)-S150-T4-(0%) 2400 1800 350 240 340 D22 1.61 332.0 257.0 Diag. ten. 0 25.4 276 Diag. ten.
N-(2.42)-S150-T4-A(4%) 2400 1800 350 240 340 D23 1.61 332.0 257.0 Diag. ten. 4.0 0.67 303 Shear com.
N-(2.42)-S150-T4-A(10.5%) 2400 1800 350 240 340 D22 1.61 332.0 257.0 Diag. ten. 10.5 0.78 24.7 227 Bond
N-(2.42)-S300-T4-(0%) 2400 1800 350 240 340 D22 1.61 332.0 221.0 Diag. ten. 0 27.2 173 Diag. ten.
N-(2.42)-S300-T4-A(9.2%) 2400 1800 350 240 340 D22 1.61 332.0 221.0 Diag. ten. 9.2 0.67 31.3 207 Bond
N-(2.42)-P4-(0%) 2400 1800 350 240 340 D22 1.61 332.0 184.0 Diag. ten. 0 32.1 181 Diag. ten.
N-(2.42)-P4-(0%)-ub 2400 1800 350 240 340 D22 1.61 332.0 184.0 Diag. ten. 0 - 27.9 360 Flex.
N-(2.42)-S150-P4-(0%)-ub 2400 1800 350 240 340 D22 1.61 332.0 257.0 Diag. ten. 0 - 33.2 370 Flex.
N-(2.42)-P4-A(5.5%) 2400 1800 350 240 340 D22 1.61 332.0 184.0 Diag. ten. 5.5 0.85 29.9 244 Anchorage
N-(2.42)-P4-A(7.4%) 2400 1800 350 240 340 D22 1.61 332.0 184.0 Diag. ten. 7.4 0.69 32.5 207 Anchorage
N-(4.53)-H0 N-(4.53)-H0-A(15.9%)-hook 2100 1800 350 240 200 D17 1.55 80.5 107.7 Flex. 15.9 0.44 25.7 65 Anchorage
N-(2.4)-H0 N-(2.4)-H0-A(9.6%)-hook 300 1350 200 180 280 D22 1.79 203.9 124.3 Diag. ten. 9.6 0.82 33.0 122 Anchorage
H-(2.4)-P7-(0%) 1950 1350 200 180 280 D19 1.79 - 124.3 Diag. ten. 0 - 21.5 112 Diag. ten.
H-(2.4)-P7-(0%)-ub 1950 1350 200 180 280 D19 1.79 - 124.3 Diag. ten. 0 - 22.1 236 Shear com.
H-(2.4)-P7-D(4.7%) 1950 1350 200 180 280 D19 1.79 - 124.3 Diag. ten. 4.7 0.60 25.7 184 Anchorage
H-(2.4)-P7-D(14.7%) 1950 1350 200 180 280 D19 1.79 - 124.3 Diag. ten. 14.7 0.78 26.7 172 Shear com.
H-(2.4)-P7-D(26.8%) 1950 1350 200 180 280 D19 1.79 - 124.3 Diag. ten. 26.8 0.55 26.2 161 Shear com.
H-(3.19)-P7-(0%) 1950 1350 200 180 220 D19 1.77 - 88.8 Diag. ten. 0 - 22.1 101 Diag. ten.
H-(3.19)-P7-(0%)-ub 1950 1350 200 180 220 D19 1.77 - 88.8 Diag. ten. 0 - 24.3 123 Shear com.
H-(3.19)-P7-D(4.5%) 1950 1350 200 180 220 D19 1.77 - 88.8 Diag. ten. 4.5 0.64 25.9 107 Shear com.
H-(3.19)-P7-D(20%) 1950 1350 200 180 220 D19 1.77 - 88.8 Diag. ten. 20 0.52 25.2 114 Shear com.
H-(3.19)-P7-D(26.3%) 1950 1350 200 180 220 D19 1.77 - 88.8 Diag. ten. 26.3 0.33 22.7 98 Anchorage
H-(4.42)-P7-(0%) 1950 1350 200 180 170 D19 2.45 - 69.6 Diag. ten. 0 - 23.0 63 Diag. ten.
H-(4.42)-P7-(0%)-ub 1950 1350 200 180 170 D19 2.45 - 69.6 Diag. ten. 0 - 24.3 61 Shear com.
H-(4.42)-P7-D(5%) 1950 1350 200 180 170 D19 2.45 - 69.6 Diag. ten. 5 0.67 24.5 59 Shear com.
H-(4.42)-P7-D(12.3%) 1950 1350 200 180 170 D19 2.45 - 69.6 Diag. ten. 12.3 0.64 25.2 81 Shear com.
H-(4.42)-P7-D(23%) 1950 1350 200 180 170 D19 2.45 - 69.6 Diag. ten. 23 0.41 21.9 52 Shear com.
Designed
failure mode Failure mode
 Main rebar
(kN)
Specimen
Dimensions (mm)
Group Series
N-(4.53)-T0
N-(4.53)-T2
N-(4.53)-S80-A
N-(4.53)-S80-C
N-(4.53)-S80-B
N-(4.53)-S240
N-(2.42)-P4
N-(3.3)-T0
N-(3.3)-Tn
N-(3.3)-S110
N-(3.3)-P
H-(2.4)-P
H-(3.19)-P
H-(4.42)-P
H
N-hook
Corrosion ratio (%)
kmax
N-(2.42)
N-(3.3)
N-(4.53)
N-(2.42)-T4
N-(2.42)-S150
N-(2.42)-S300
 
Flex. : Flexural failure. Diag. ten. : Diagonal tesnion failure. Shear com. : Shear compression failure Bond : Bond failure. Anchorage : Anchorage failure.
Legend of failure mode
lager than 9%. In the corroded beams of series N-(2.42)-P4, the failure 
cracks occur along the corrosion crack of stirrups above the support 
point. This kind of failure is called anchorage failure. The unbonded 
beams in series N-(2.42)-P4, suffer flexural failure, which indicates 
that the diagonal tension failure shifts to flexural failure on the 
occasion the anchorage performance is perfect. In the group H, all of 
the beams are corroded by type D, except the series H-(3.3)-T2 that are 
corroded by type A. many beams in the group H, corroded by type D, 
suffer shear compression failure. However the beam 
H-(2.4)-P7-D(4.7%) and the beam H-(3.19)-P7-D(26.3%) suffer 
anchorage failure. Finally, the beams in series H-(3.3)-T2, whose main 
rebars are entirely corroded, suffer bond diagonal tension failure due to 
the larger corrosion ratio. Hence, the change of failure mode, in the 
beams designed as designed as diagonal tension failure, can be 
summarized in the Fig. 3. 
 
Fig. 3 The failure mode shift of the corroded beam 
designed as diagonal tension failure. 
 
3. The systematic prediction method 
3.1 The beams suffering beam action 
3.1.1 The condition of beam action 
The basic condition of the beam action is that the bond stress is 
restricted in the shear span. There are two occasions that meet the 
basic condition. On the occasion that the maximum deviation ratio 
is higher than 1, the bond stress is restricted in the shear span, due 
to the yielding of rebar at the extremely corroded point. On the 
other hand, if the residual stirrups are enough, the beam suffers 
beam action and fails at flexural failure. On this occasion, the main 
rebars at the constant moment region yield. Details of the threshold 
of the magnitude of the residual stirrups will be discussed at the 
section on the truss analogy, compared with the beams suffering 
others failure mode. 
 
3.1.2 The prediction method of beam action 
The prediction method of the residual strength of the beams 
suffering beam action is proposed. Here discuss the accuracy of this 
method. The ratios of estimated value, predicted by the equation 
from Eq. 3.1 to Eq. 3.5, to experimental value are shown in Fig. 4. 
Almost all the residual strength of the beams are higher than the 
estimated value, except the beam H-3.3-110-A(9.7%). The majority 
of the beams are within the range from 1.0 to 1.2. The average ratio 
is 1.20, and the standard deviation is 0.20. Hence it can be 
concluded that it is a safety design method. 
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Where yf : yield strength of non-corroded main rebar, 
)mmN( 2 . ycf : yield strength of corroded main rebar, 
)mmN( 2 . 'cf : compressive strength of concrete, )mmN(
2 . 
α : corrosion ratio of the beam if 1≤k ; maximum local corrosion 
ratio if 1>k . ssc A ,A : residual cross-sections of corroded main 
rebar, cross-sections of corroded main rebar before corrosion, )mm( 2 . 
s ,d ,x : neutral axis depth, effective depth and the length of shear span 
)mm( . bresudc V ,M : residual ultimate moment capacity and residual 
flexural strength of corroded beam. )mm•N(  
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Fig. 4 The ratios of experimental value to estimated value. 
 
3.2 The beams suffering truss analogy 
3.2.1 The condition of beam action 
Here, the condition of the transition of each load resisting mechanism 
is discussed. The bond stress is affected by the corrosion ratio of main 
rebars, the corrosion ratio of stirrups, the number of stirrups, and so on. 
However it is difficult to make an index to represent whether the bond 
stress is transferred to anchorage region. As the bond stress contributed 
by the bottom portion of stirrups is a major effect, the index of residual 
mass of stirrups is proposed to judge whether the bond stress is 
transferred to anchorage region. Here the index, called the residual 
stirrup ratio, is shown in Eq. 6. Hence the region of load resisting 
mechanism can be roughly shown in Fig. 5. 
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Where resS : the residual stirrup ratio. siα : the corrosion ratio of 
bottom portion of local stirrups, (%). sA : the cross sectional area of 
non-corroded stirrups, )mm( 2 . b : the width of the beam, )mm( . 
sl : the length of the shear span. )mm( . 
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Fig. 5 Image of relationship between residual stirrup ratio 
and failure mode. 
3.2.2 The prediction method of truss analogy 
The prediction method for the residual strength of the beam suffering 
 
Flex.
Bond
Anchorage
The corrosion ratio is larger. 
No stirrups are arranged in shear span. 
Tensile stress exceeds the tensile strength of concrete. 
Shear com.
High tensile strength rebars are arranged,  
and the anchorage performance is perfect. 
Deformed rebars are arranged,  
and the anchorage performance is perfect. 
The corrosion ratio is lower,  
and the anchorage performance is perfect. 
D
iagnal tension falure 
D
iagonal tension failure 
diagonal tension failure is proposed based on the shear strength in 
the JSCE code, taking the corrosion ratio and so on into account. 
The prediction equation can be shown as follows. 
 srcryr Vλ+V=V  (3.7) 
 d'bfβββ=V vcnpdcr  (3.8) 
 sssyrsr A)100/α-1(S
15.1/d
'f2=V  (3.9) 
Where crV : residual shear strength of concrete, )N( . λ : 
reduction factor, take into account the corrosion pattern of stirrups. 
srV : residual shear strength of stirrups, )N( . d : the effective 
depth, )mm( . 'b : residual width of beam ( c2-b='b , c : 
horizontal concrete cover) )mm( . 4d d/1=β . 
3
p p100=β  ( p : main rebar ratio). 1=βn . 3 cvc 'f2.0=f  
( 'fc : compressive strength of concrete) )mmN(
2 . syr'f : 
)α013.0-1(f='f ssyrsyr  residual yield strength of stirrups, 
)mmN( 2 . S : stirrup ratio. )mm( . sα : the average 
corrosion ratio of bottom portion of local stirrups (%). sA : the 
cross sectional area of non-corroded stirrups, )mm( 2 . 
The predicted load based on the Eq.3.7 to Eq. 3.9 is 55.1 kN, 
only 3.7% less than the experimental value. Hence it is feasible and 
safe to predict the residual strength of the beam suffering diagonal 
tension failure by the proposed method. 
 
3.3 The prediction method of arch action 
3.3.1 Perfect arch action 
Based on the beams suffering shear compression failure and the 
FEA analysis, the strength of perfect arch action can be calculated 
by Eq. 3.10. 
 c
)d/a440.0-(
arch Ve302.5=V  (3.10) 
Where archV : the strength of unbonded beam. )N(  
cV : the strength of non-corroded beam calculated by Niwa 
equation. 
Based on the relationship between the corroded arch strength 
ratio and the corrosion ratio of the beams, suffering shear 
compressive failure, the relation can be expressed by Eq. 3.11. 
 archarchc V)α0094.0-1(=V  (3.11) 
Where archcV : the strength of corroded beam, suffering shear 
compressive failure. )N(  α : the corrosion ratio of beam.  
Here, denote archT  as the rebar force of the unbond beams 
including the beams in the experiment and the beams in the 
nonlinear analysis. Hence the rebar force can be expressed in Eq. 
3.12, and the bond performance of perfect arch action can be 
calculated and the bond stress can be shown in Eq. 3.13. 
 ( ) archarch Vd/a256.1=T  (3.12) 
Where archT : the tensile force applied on main rebar, )N( . d/a : 
span-to-depth ratio. archV : shear strength of unbound beam )N( . 
 
Dπnl
T
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Where Tarch: the tensile force applied on main rebar, 
)mmN( 2 . n : the number of main rebar. ld: length of 
anchorage region, )mm( . D: diameter of main rebar, 
)mm( . 
 
3.3.2 Imperfect arch action 
Based on the data of the beams, which suffer shear  
compression failure, bond failure and anchorage failure, Eq. 3.14 can 
be derived. With the multiple regression analysis, the adjusted R2 is 0.87. 
The average ratio of estimated value to experimental value is 1.02, and 
the standard deviation is 0.13. Hence it can be concluded that the values 
calculated with the model coincide with experimental values very well, 
and that the model can be used to accurately predict the residual 
strength. 
 0520.0+)d/a(0976.0+
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4. Method for the prediction of the residual bond 
strength of the cracked beams 
As shown in the above section, to predict the residual strength of the 
beams suffering imperfect arch action, the anchorage performance 
should be given. Here, the bilinear model is proposed to predict the bond 
performance. The specimens in the literature are used to investigate the 
practicability of proposed bilinear model. It can be seen that the ratio of 
many specimens are near to 1. The average ratio is 0.99. Additionally, 
the correlation coefficient of the predicted value and the experiment 
value is 0.51. Hence, it can be conclude that this method is feasible to 
predict the bond strength of the cracked corroded RC beam, but the 
accuracy should be improved in the future. 
5. The flow chart of failure mode and the mechanism 
on the corroded beams  
In this study, the prediction methods of the residual strength of 
corroded beams are proposed, and the conditions for each failure mode 
are given. There are four decision points in the flow chart. The failure 
mode of the corroded beam can be predicted by the flow chart. 
6. Conclusions 
The mechanism and the prediction method of the corroded beam have 
been proposed systematically in this dissertation. It can be used to 
predict the residual strength and the failure mode of the corroded RC 
beams and give advices on the maintenance activities. 
 
